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BLOOD VESSEL CLIP APPLICATOR 

This is a divisional patent application of co-pending 
patent application Ser. No. 09/450,921 ?led Nov. 29, 1999. 

With respect to the prior co-pending U.S. application 
from Which this application claims bene?t under 35 USC § 
120, the inventor(s) in this application is (are) the same. 

BACKGROUND OF THE INVENTION 

The ?eld of invention is minimally invasive vascular 
surgery, and more speci?cally an apparatus and method for 
occluding a blood vessel With clips applied With an appli 
cator extending through a cannula. 

Minimally invasive surgery has groWn in popularity in the 
past decade. Minimally invasive surgery (MIS) alloWs a 
surgeon to treat a patient While making only tiny incisions in 
the patient’s body, through Which surgical devices called 
cannulae are inserted. Acannula is essentially a thin, holloW 
tube through Which other surgical tools can be inserted into 
and WithdraWn from the patient’s body. Because only a 
small incision is made in the patient’s skin for insertion of 
a cannula, the patient heals faster and experiences less pain 
than in the aftermath of conventional surgery, in Which 
larger incisions and tools are used. 

In several minimally invasive procedures, blood vessels 
in a patient are permanently occluded. TWo common pro 
cedures involving blood vessel occlusion are saphenous vein 
harvest, in Which a vein and its branches are occluded so that 
a portion of that vein can be removed from one location in 
the body and used in another, and subfascial endoscopic 
perforator surgery, in Which perforator veins are perma 
nently occluded. In recent years, malleable metal clips have 
been used for permanent occlusion. These clips typically 
have an opening at one end that is at least as Wide as the 
blood vessel to be occluded. Asurgical instrument is inserted 
through the cannula Which places these clips, often serially, 
in desired locations on blood vessels, then squeeZes them 
shut to achieve permanent occlusion. Such surgical instru 
ments have in the past been bulky enough to require a 
cannula having an internal diameter of 10 mm or even 12 
mm in order to insert them through the cannula to reach the 
operative site. HoWever, it is often desired to occlude blood 
vessels having a diameter of 5 mm or less. Ideally, a cannula 
having an internal diameter of substantially 5 mm Would be 
utiliZed to occlude a blood vessel having a diameter of 5 mm 
or less, because the use of a 5 mm cannula is less invasive 
and traumatic to a patient than a 10 mm or 12 mm cannula. 
But, as stated above, knoWn surgical instruments for apply 
ing blood vessel clips are too large to ?t into a cannula 
having a 5 mm internal diameter, thus requiring the patient 
to suffer through insertion of a larger-than-optimal cannula 
for occlusion of blood vessels having a diameter of 5 mm or 
less. 

In addition, malleable blood vessel clips knoWn in the art 
can rebound after they have been squeeZed shut over a blood 
vessel. Malleability requires that the metal of the clip be in 
a relatively annealed state, or at least possess adequate 
elongation to remain intact Without cracking or breaking 
When deformed to achieve closure over the blood vessel. 
Annealed metal is relatively soft, and this softness is ben 
e?cial in that it alloWs for extreme elongation When sub 
stantially annealed metal is shaped into a blood vessel clip. 
When a malleable clip is closed by a tool, that clip is 
typically bent in a fashion that causes permanent deforma 
tion. Upon removal of the tool, the bent portion of the clip 
is released. HoWever, the elasticity of the annealed clip can 
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2 
cause it to open slightly upon release of the tool, as the stress 
in the bend resolves to a net-Zero stress condition. Loads 
placed on the clip, such as the loads exerted by the blood 
vessel Within the clip, serve to increase this rebound. Clip 
rebound tends to alloW opening of the blood vessel, reducing 
the degree of occlusion. Rebound can thus result in leakage 
through the vessel, Which is undesirable. This rebound 
increases as the metal in the blood vessel clip is less 
annealed. Multiple malleable clips may be placed over a 
single blood vessel to ensure continued occlusion of the 
blood vessel. HoWever, placement of multiple clips requires 
additional surgical time and expense. 

SUMMARY OF THE INVENTION 

In one aspect of a preferred embodiment, a blood vessel 
clip applicator includes tWo pins at an end of an applicator 
barrel distal from a grip assembly, betWeen Which tWo pins 
a blood vessel is positioned before clip application. In 
another aspect of a preferred embodiment, the applicator 
barrel can be rotated independently from the grip assembly, 
Whereby the pins can be rotated to offset and ?atten a blood 
vessel held betWeen them. In another aspect of a preferred 
embodiment, a blood vessel clip is placed on the blood 
vessel after the blood vessel has been substantially ?attened. 

In another aspect of a preferred embodiment, a blood 
vessel clip comprising a spring-quality material has tWo legs 
and a head connecting them, such that the blood vessel clip 
is biased toWard a closed position and openable to an open 
position. In another aspect of a preferred embodiment, the 
applicator barrel includes a passage having a constricted 
region narroWer than the head of a blood vessel clip through 
Which the blood vessel clip is forced, thereby opening the 
blood vessel clip to its open position. The blood vessel clip 
is placed over the blood vessel through the exit aperture, and 
applies a constant, knoWn force to the blood vessel after tool 
removal. In another aspect of a preferred embodiment, a 
staging space is provided adjacent to the passage having a 
constricted region for serially loading into it blood vessel 
clips located in a plane substantially parallel to the plane 
containing the passage having a constricted region. 

In another aspect of a preferred embodiment, a return 
spring Within the grip assembly is attached at one end to the 
ratchet rod to retract the ratchet rod at the end of its stroke, 
and at its other end to a revolving member Which prevents 
the return spring from tWisting or kinking during rotation of 
the applicator barrel. 

In an alternate embodiment, a plunger applies a blood 
vessel clip With a direct stroke. In an aspect of the alternate 
embodiment, a spring or springs bias the plunger doWnWard 
to contact a plurality of blood vessel clips. In another aspect 
of the alternate embodiment, the plunger has a plurality of 
stepWise indentations used to restrain the blood vessel clips 
before application and for pushing them all forWard sub 
stantially simultaneously during application. In another 
aspect of the alternate embodiment, a lock mechanism is 
attached to a magaZine passage containing the blood vessel 
clips; the lock mechanism includes a plurality of spring tabs 
adapted to prevent substantial rearWard motion of the blood 
vessel clips Within the magaZine passage. 

In alternate embodiments, a variety of malleable blood 
vessel clips having different shapes, cross-sections and 
grooves are suitable for use With the blood vessel clip 
applicator. In such alternate embodiments, the blood vessel 
clip typically has tWo legs in a “V” con?guration and a head 
connecting the tWo legs. In another aspect of an alternate 
embodiment, the passage having a constricted region in said 
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applicator barrel compresses the head of the alternate blood 
vessel clip as the blood vessel clip is forced through the 
constricted region, thereby closing the clip onto the blood 
vessel. 

Other and further objects and advantages Will appear 
hereinafter. 

BRIEF DESCRIPTION OF DRAWINGS 

FIG. 1 is a top vieW of a preferred embodiment of a blood 
vessel clip. 

FIG. 2 is a side vieW of a preferred embodiment of a blood 
vessel clip in a closed position. 

FIG. 3 is a side vieW of a preferred embodiment of a blood 
vessel clip in a open position. 

FIG. 4 is a perspective vieW of the distal end of a clip 
applicator being placed over a blood vessel. 

FIG. 5 is a perspective vieW of the distal end of a clip 
applicator after placement over a blood vessel and after 
rotation of the clip applicator. 

FIG. 6 is a perspective vieW of a portion of a clip 
magaZine before application of a blood vessel clip. 

FIG. 7 is a perspective vieW of a portion of a magaZine 
after applying a blood vessel clip. 

FIG. 8 is an exploded vieW of the clip applicator. 
FIG. 9 is a cross-section vieW of the magaZine. 

FIG. 10 is a perspective vieW of a blood vessel clip being 
applied to a blood vessel. 

FIG. 11 is a perspective vieW of a blood vessel clip 
occluding a blood vessel. 

FIG. 12 is a cross-section vieW of the magaZine, as a 
blood vessel clip is ejected. 

FIG. 13 is a cross-section vieW of the clip applicator. 
FIG. 14 is a perspective vieW of a cross-section of the clip 

applicator grip assembly. 
FIG. 15 is a cutaWay vieW of an alternate embodiment of 

the clip applicator. 
FIG. 15A is a perspective vieW of a lock mechanism for 

use With the alternate embodiment of the clip applicator. 
FIG. 16 is a cross-section vieW of an alternate embodi 

ment of the clip applicator. 
FIG. 17 is a perspective vieW of a detail of the alternate 

embodiment of the clip applicator. 
FIG. 18 is a perspective vieW of a ?rst alternate embodi 

ment of a blood vessel clip. 

FIG. 19 is a perspective vieW of a second alternate 
embodiment of a blood vessel clip. 

FIG. 20 is a perspective vieW of a third alternate embodi 
ment of a blood vessel clip. 

FIG. 21 is a perspective vieW of a fourth alternate 
embodiment of a blood vessel clip. 

FIG. 22 is a perspective vieW of a ?fth alternate embodi 
ment of a blood vessel clip. 

FIG. 23 is a perspective vieW of a sixth alternate embodi 
ment of a blood vessel clip. 

FIG. 24 is a perspective vieW of a seventh alternate 
embodiment of a blood vessel clip. 

FIG. 25 is a perspective vieW of a eighth alternate 
embodiment of a blood vessel clip. 

FIG. 26 is a top vieW of a ninth alternate embodiment of 
a blood vessel clip. 

FIG. 27 is a cross-section vieW of the legs of a tenth 
alternate embodiment of a blood vessel clip. 
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DETAILED DESCRIPTION OF THE 
PREFERRED EMBODIMENTS 

Referring to FIG. 1, a preferred embodiment of a blood 
vessel clip 2 can be seen. A?rst leg 4 and a second leg 6 are 
connected by a head 7. In a preferred embodiment, the head 
7 is substantially circular. A top vieW of the preferred blood 
vessel clip 2 can be seen in FIG. 1, and a side vieW of the 
blood vessel clip 2 can be seen in FIG. 2. As can be seen, the 
?rst leg 4 crosses over the second leg 6. HoWever, it is 
equally effective to manufacture the blood vessel clip 2 such 
that the ?rst leg 4 crosses under the second leg 6. In a 
preferred embodiment, the proximal end of the ?rst leg 4 is 
located substantially above the proximal end of the second 
leg 6, and the distal end of the ?rst leg 4 is located 
substantially beloW the distal end of the second leg 6. By 
arranging the ?rst leg 4 and the second leg 6 in this manner, 
the lateral stability of the blood vessel clip 2 is increased. 

In a preferred embodiment, the blood vessel clip 2 com 
prises a spring-quality material, such as stainless steel or 
titanium. Other spring-quality materials may be used, and 
are Within the scope of the preferred embodiment. The blood 
vessel clip 2 has a closed position, as shoWn in FIG. 1, and 
an open position, as shoWn in FIG. 3. The blood vessel clip 
2 is constructed such that in the absence of external forces, 
it assumes the closed position shoWn in FIG. 2. Due to the 
spring-quality material comprising the blood vessel clip 2, 
the blood vessel clip Will attempt to return to the closed 
position after it has been opened to the open position. As can 
be seen in FIG. 3, and as Will be described in greater detail 
beloW, the blood vessel clip 2 in the open position is placed 
over a blood vessel 22. TWo curled members 5 face sub 
stantially toWard one another in the open position, and assist 
in holding the blood vessel clip 2 on the blood vessel 22. The 
blood vessel clip 2 is applied to a blood vessel 22 With a clip 
applicator 50. In a preferred embodiment, a curled member 
5 extends from the distal end of both the ?rst leg 4 and the 
second leg 6, as seen in FIG. 3. The curled members 5 
extend in generally the same plane as the blood vessel clip 
2, and are oriented such that When the blood vessel clip 2 is 
in the open position the curled members 5 point into the 
space betWeen the ?rst leg 4 and the second leg 6. By 
pointing into any space that may exist betWeen the ?rst leg 
4 and the second leg 6 after application onto a blood vessel 
22, the curled members 5 assist in preventing the blood 
vessel 22 from escaping the blood vessel clip 2 through its 
distal end. 

Turning to FIG. 4, the distal end 14 of the clip applicator 
50 can be seen. The distal end 14 is located at one end of a 
magaZine 28 attached to an applicator barrel 54. The appli 
cator barrel 54 is preferably a holloW tube, inside Which 
several components of the clip applicator 50 are located. A 
?rst pin 16 and a second pin 18 are preferably spaced apart 
at substantially 180 degrees from one another, and extend 
outWard from the distal end 14, preferably substantially 
parallel to the centerline of the magaZine 28 and to one 
another. The ?rst pin 16 and the second pin 18 may option 
ally be attached directly to the applicator barrel 54. The ?rst 
pin 16 and the second pin 18 preferably have smooth, 
atraumatic surfaces. In a preferred embodiment, a ball 20 is 
attached to the distal end of the ?rst pin 16. Similarly, 
another ball 20 is preferably attached to the distal end of the 
second pin 18. An exit aperture 24 can also be seen in the 
distal end 14 of the clip applicator 50. The exit aperture 24 
is located betWeen the ?rst pin 16 and the second pin 18. In 
a preferred embodiment, the exit aperture 24 is substantially 
perpendicular to a line extending betWeen the ?rst pin 16 and 
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the second pin 18. However, the exit aperture 24 may form 
a different angle With a line extending betWeen the ?rst pin 
16 and the second pin 18, so long as a blood vessel clip 2 
exiting the exit aperture 24 moves into place over a blood 
vessel 22. The operation of the clip applicator to apply a 
blood vessel clip 2 to a blood vessel 22 Will be described in 
detail further beloW. 

The blood vessel clip 2 can be applied to the blood vessel 
22 through the exit aperture 24 With a variety of mecha 
nisms. Referring to FIG. 8, in a preferred embodiment, a clip 
applicator 50 is shoWn in an exploded vieW. The distal end 
14 described above can be seen clearly in relationship to the 
overall clip applicator 50. As disclosed above, the distal end 
14 is located at one end of a magaZine 28. The magaZine 28, 
as Will be described more fully beloW, contains the magaZine 
passage 30 and one or more blood vessel clips 2 therein for 
use in a patient. The magaZine 28 also includes a passage 
having a constricted region 32 adjacent to the exit aperture 
24. 
As shoWn in the exploded vieW in FIG. 8, a plunger 58 is 

located Within the magaZine 28. The plunger 58 has a 
plunger tip 60 that is adapted to push blood vessel clips 2 out 
of the magaZine 28, the plunger tip 60 being shaped such as 
to extend into the passage having a constricted region 32 an 
adequate distance to push the blood vessel clip 2 through the 
exit aperture 24. In a preferred embodiment, the plunger 58 
has a plunger slot 62 extending through the plunger 58 near 
the plunger tip 60. The plunger slot 62 is preferably longer 
in the direction along the centerline of the magaZine 28. In 
a preferred embodiment, the plunger 58 is attached to a 
connecting piece 64. The connecting piece 64 is preferably 
a half-round piece; that is, a thin-Walled open-ended half 
cylinder. The connecting piece 64 is connected to a ratchet 
rod 66 at its proximal end. The plunger 58, the connecting 
piece 64 and the ratchet rod 66 are siZed and shaped to ?t 
Within the applicator barrel 54. 

Referring to FIG. 9, a divider shim 68 can be seen Within 
the magaZine 28. The plunger 58 occupies a plunger space 
70 on one side of the divider shim 68. The magaZine passage 
30 is located on the opposite side of the divider shim 68. A 
plurality of blood vessel clips 2 are located Within the 
magaZine passage 30. This plurality of blood vessel clips 2 
may be referred to as the clip stack. Referring back to FIG. 
8, the plurality of blood vessel clips 2 Within the magaZine 
passage 30 can also be seen in the exploded vieW. A clip 
pusher 72 also occupies a space Within the magaZine passage 
30, located proximal to the plurality of blood vessel clips 2. 
The clip pusher 72 is attached at its proximal end to a 
compression spring 74. In a preferred embodiment, the 
compression spring 74 ?ts Within the connecting piece 64, 
Which is shaped as a half-round piece. The connecting piece 
64 preferably transmits force to the distal end 14 Without 
interfering With the compression spring 74. The proximal 
end of the compression spring 74 is attached to the ratchet 
rod 66. The compression spring 74 applies a substantially 
constant force to the plurality of blood vessel clips 2 located 
in the magaZine passage 30, pushing them toWard the distal 
end 14 of the magaZine 28. When the magaZine 28 is 
changed, as When the magaZine 28 has exhausted its supply 
of blood vessel clips 2, the magaZine 28 is removed from the 
applicator barrel 54. The plunger 58 slides out of the 
magaZine 28. When the neW magaZine 28 is attached to the 
applicator barrel 54, the plunger 58 is slid into the plunger 
space 70 of the neW magaZine 28. When the plunger slot 62 
engages a clip stack stop spring 144, Which is described in 
greater detail beloW, the plunger 58 is properly seated in the 
magaZine 28, and use of the clip applicator 50 can continue. 
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6 
Referring to FIG. 13, the ratchet rod 66 extends into a grip 

assembly 80. The grip assembly 80 includes a handle 82 and 
a trigger 84. The handle 82 and the trigger 84 can be seen in 
outline vieW. The contents of the grip assembly may gen 
erally be seen in FIGS. 6, 8 and 9. The trigger 84 moves in 
an arcuate manner around a pivot 86 When the trigger 84 is 
squeeZed toWard the handle 82. Atrigger lever 88 is attached 
to the trigger 84, preferably extending toWard the handle 82. 
The trigger lever 88 has an actuation end 90. The trigger 
lever 88 is oriented relative to the trigger 84 such that When 
the trigger 84 is squeeZed, the actuation end 90 moves in an 
arcuate manner as Well and encounters an actuation plate 92 
attached to the ratchet rod 66. In a preferred embodiment, 
the actuation plate 92 is substantially circular and substan 
tially coaxial With the ratchet rod 66. The motion of the 
trigger lever 88 is such that the actuation end 90 has a 
signi?cant component of motion in a substantially forWard 
direction, that is, toWard the distal end 14. When the 
actuation end 90 encounters the actuation plate 92, the 
ratchet rod 66 is urged toWard the distal end 14. The trigger 
lever 88 and the actuation plate 92, among other 
components, extend into a handle chamber 96 having a front 
Wall 97 and a rear Wall 98. The actuation plate 92 moves 
forWard until it encounters the front Wall 97. The placement 
of the actuation plate 92 on the ratchet rod 66 thus deter 
mines the stroke length of the ratchet rod, because the 
ratchet rod 66 cannot proceed further after the actuation 
plate 92 encounters the front Wall 97. It should be noted here 
that the direction along the ratchet rod 66 has been and Will 
be referred to as the longitudinal dimension; the forWard 
direction is the direction toWard the distal end 14 of the clip 
applicator 50 and the backWard or rearWard direction is the 
direction aWay from the distal end 14 along the longitudinal 
dimension. 

In a preferred embodiment, the ratchet rod 66 extends 
through the rear Wall 98, through a paWl chamber 100, and 
into a rear chamber 102. The ratchet rod 66 is preferably 
attached at one end to a return spring 118, Which is prefer 
ably located in the rear chamber 102. The return spring 118 
may be attached to the ratchet rod 66 by any reliable means 
of attachment. Preferably, one end of the return spring 118 
is simply inserted into a hole 120 extending through one end 
of the ratchet rod 66. The other end of the return spring 118 
is preferably attached to a revolving member 122 Within the 
handle 82, by simply inserting one end of the return spring 
118 into a hole 124 in the revolving member 122. The 
revolving member 122 is substantially free to rotate around 
an axis substantially coaxial With the ratchet rod 66. The 
revolving member 122 prevents the return spring 118 from 
kinking during operation of the clip applicator 50, by 
rotating in place to substantially relieve torsional stresses on 
the return spring 118 caused by rotation of the ratchet rod 66. 
When the trigger 84 is released, the actuation end 90 of 

the trigger lever 88 is pulled backWard by the return spring 
118. A retraction plate 94 is attached to the ratchet rod 66. 
As With the preferred actuation plate 92, the retraction plate 
94 is preferably substantially circular and substantially 
coaxial With the ratchet rod 66. As the ratchet rod 66 moves 
backWard under the force of the return spring 118, the 
retraction plate 94 encounters the rear Wall 98 and prevents 
further rearWard motion of the ratchet rod 66. In a preferred 
embodiment, the retraction plate 94 is attached to the ratchet 
rod 66 in a location on the ratchet rod 66 such that the 
compression spring 74 retains some tension even When the 
retraction plate 94 is at rest against the rear Wall 98. By 
maintaining tension in the compression spring 74, a constant 
longitudinal force is exerted against the blood vessel clips 2 
in the magaZine 28. 
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In a preferred embodiment, the pawl chamber 100 
includes a pawl 104 extending thereinto. The pawl 104 has 
a pawl tip 106 extending into the pawl chamber 100 such 
that the pawl tip 106 is capable of engagement with the 
ratchet rod 66. The pawl 104 also contains a pawl passage 
108 through which a pawl spring 110 extends. The pawl 
spring 110 is preferably a leaf spring. The pawl spring 110 
is held in place by a ?rst post 112 and a second post 114 
within the handle 82. The pawl 104 is mounted in the pawl 
chamber 100 in such a way that it can swivel backward and 
forward along an axis substantially perpendicular to the 
ratchet rod 66. The ratchet rod 66 preferably has a plurality 
of annular grooves 116. The annular grooves 116 are located 
on the ratchet rod 66 in such a way as to engage the pawl 104 
at certain times during operation of the clip applicator 50. As 
the ratchet rod 66 moves forward, the pawl tip 106 encoun 
ters the annular grooves 1 16, and swivels forward. The 
annular grooves 116 prevent the ratchet rod 66 from sliding 
backward before completion of its forward motion. If the 
ratchet rod 66 were to attempt to move backward, it would 
be prevented from doing so by the pawl tip 106, pointed 
forward and wedged into one of the annular grooves 116. 
However, when the ratchet rod 66 completes its forward 
motion, the annular grooves 116 move forward past the pawl 
104, freeing it. The pawl spring 110 then pushes the pawl 
104 back to a neutral position. During the return motion of 
the ratchet rod 66 in a backward direction, the pawl 104 
swivels backward and the pawl tip 106 once again engages 
the annular grooves 116. The pawl 104 prevents the ratchet 
rod 66 from moving forward before its backward motion is 
complete, in the same manner that the pawl 104 ensures a 
complete stroke in the forward direction. 
As can be seen in FIG. 13, a rotating knob 130 is attached 

to the ratchet rod 66. When the rotating knob 130 is turned, 
the applicator barrel 54 is rotated around its axis. In a 
preferred embodiment, the applicator barrel 54 runs through 
substantially the center of the rotating knob 130 such that the 
two are substantially coaxial. However, it will be known to 
one skilled in the art that a variety of gears or other means 
could be used to place the rotating knob 130 in a different 
orientation or location on the clip applicator 50, and still 
achieve the result of rotating the attachment barrel 54 
substantially about its axis when the rotating knob 130 is 
turned. When the attachment barrel 54 is rotated about its 
axis, the magaZine 28 attached to the attachment barrel 54 
rotates as well, and the distal end 14 rotates with the 
magaZine 28. It will be seen that the rotation of the attach 
ment barrel 54 tends to impart rotation to the ratchet rod 66 
as well, due to friction between the attachment barrel 54 and 
the ratchet rod 66. If the ratchet rod 66 rotates, that rotation 
also imparts torsion to the return spring 118 within the rear 
chamber 102. The revolving member 122 allows the return 
spring 118 to rotate if the ratchet rod 66 rotates, and prevents 
the return spring 118 from becoming twisted. When the 
blood vessel 22 has been positioned between the ?rst pin 16 
and the second pin 18, the rotating knob 130 is turned in 
order to ?atten the blood vessel 22, as previously described. 
In a preferred embodiment, an indexing ball 132, an index 
ing spring 134, and one or more index marks 136 are 
provided to assist the user in controlling rotation of the 
attachment barrel 54. The indexing spring 134 is located 
within an index cavity 138 within the rotating knob 130, the 
index cavity 138 being oriented substantially parallel to the 
attachment barrel 54. The indexing ball 132 is also located 
within the index cavity 138. The index cavity 138 preferably 
opens out to the rear of the rotating knob 130, and possesses 
a diameter at its opening 140 to the outside less than the 
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diameter of the indexing ball 132. The indexing ball 132 is 
held against the opening 140 by the indexing spring 134. The 
handle 82 preferably extends up to the opening 140 in the 
rotating knob 130. In a preferred embodiment, the index 
mark or marks 136 are preferably half-spherical depressions 
in the handle 82 having a diameter substantially the same as 
the indexing ball 132, spaced substantially sixty degrees 
apart from one another. However, larger or smaller angular 
increments may be used if desired. When the indexing ball 
132 encounters one of the index marks 136, the indexing 
spring 134 pushes it into that index mark 136, giving the user 
an indication that the rotation knob 130 has been rotated 
successively in an increment, and providing some resistance 
against further rotation of the rotating knob 130. Of course, 
other methods of indexing will be known to one skilled in 
the art, and may be utiliZed here if desired. For example, a 
preferred initial position can be de?ned for the rotating knob 
130, and the rotating knob 130 could be biased toward that 
position. In this alternate embodiment, a single index mark 
136 could be used, located at a preferred angle from the 
preferred initial position of the rotating knob. 

While manual operation of the rotating knob 130 has been 
disclosed above, it will be appreciated that it is within the 
capability of one of ordinary skill in the art to add a motor 
and control devices in order to rotate the rotating knob 130. 
The operation of the clip applicator 50 will now be 

described further. Many of the details of this process have 
been disclosed in greater detail above. The clip applicator 50 
is inserted into a patient by sliding the applicator barrel 54 
through a cannula (not shown), distal end 14 ?rst. As 
described above, the distal end 14 is positioned over a blood 
vessel 22 such that the blood vessel 22 lies between the ?rst 
pin 16 and the second pin 18. After the user con?rms that the 
blood vessel 22 is thus properly in place, the user rotates the 
rotating knob 130, thereby rotating the distal end 14 as well. 
As described above, the portion 26 of the blood vessel 22 
between the ?rst pin 16 and the second pin 18 stretches and 
?attens. The exit aperture 24 is then substantially perpen 
dicular to the plane de?ned by the ?attened portion 26 of the 
blood vessel 22. The blood vessel 22 is then in position for 
application of a blood vessel clip 2. It will be appreciated 
that the distal end 14 need only be rotated so far as to ?atten 
the portion 26 of the blood vessel 22 caught between the ?rst 
pin 16 and the second pin 18 enough to allow application of 
the blood vessel clip 22 over that portion 26 of the blood 
vessel 22. That is, the distal end 14 need only be rotated 
enough to substantially close the blood vessel 22. As an 
example, more rotation will generally be required to ?atten 
a blood vessel 22 having a diameter substantially equal to 
the distance between the ?rst pin 16 and the second pin 18 
than is required to position a clip over a blood vessel 22 
having a smaller diameter. 

To apply a blood vessel clip 2, the user of the clip 
applicator 50 squeeZes the trigger 84 toward the handle 82. 
The actuation end 90 of the trigger lever 88 pushes the 
actuator plate 92 forward until the actuator plate 92 touches 
the front wall 97, allowing for a constant and predictable 
stroke length. As the actuator plate 92 moves forward, the 
ratchet rod 66 is urged forward as well. As the ratchet rod 66 
moves forward, the connecting piece 64 attached to it moves 
forward as well, as does the plunger 58 connected to the 
connecting piece 64. 

Referring to FIG. 8, FIG. 9 and FIG. 12, the operation of 
the distal end 14 during application of a blood vessel clip can 
be seen in greater detail. FIG. 9 illustrates the distal end 14 
immediately before the plunger 58 begins moving forward. 
FIG. 12 illustrates the distal end 14 after forward motion of 














